Abstract
Introduction
The importance of human factors to the success of software development seems widely accepted. The success of a software project is primarily determined by having the right people on the right place at the right time. As software development is knowledge intensive, the knowledge and skills of software engineers primarily determine their 'quality', and as a consequence these also determine the quality of the resulting product.
Knowledge and skills are important input for a software development project; however, they are also important output, because they are continuously enhanced over time through experience. To some extent people always learn during software projects and learning is also an important prerequisite to improve software development practices. Creating an organizational structure in which effective learning is established is a major challenge for organizations in the software domain [2] . In this chapter we illustrate that this is not a repeatable process for which a procedure or manual can be written. On the contrary, managing the learning process during software development appears to be a difficult and complex task, for which a specific management style is required.
This chapter presents an overview of learning theory, which is summarized into a conceptual model of nine 'learning enablers' to facilitate learning. Furthermore, a model is presented that illustrates the learning process of a software project team and the measurement/quality support team.
Learning Theory
In this section learning theory is investigated, however, only the most essential elements are mentioned. Given the limited space in this chapter it is impossible to be complete.
Learning is the process by which existing knowledge is enriched or new knowledge is created [36] . Learning deals with expanding knowledge. Knowledge is the personal ability that enables a person to perform a certain task. This ability is the product of information (I), experience (E), skill (S) and attitude (A) of a person at a certain time (K=I·ESA) [36] . Several classifications of the learning process are described in the literature. For example: cognitive versus motoric learning [7] , declarative versus procedural learning [4] , explicit versus implicit learning [33] , or rationalistic versus empirical learning [36] . Nonaka and Takeuchi distinguish four learning processes [27] :
• 'socializing': a learning process between people in which implicit (tacit) knowledge is transferred by copying, imitating, master/pupil relationships, and experiencing by trial and error • 'externalizing': a learning process, individual or between people, in which implicit knowledge is made explicit by, for example, model building, dialogues, and hypothesis formulation • 'combining': a learning process in which explicit knowledge from different sources is combined by, for example: studying, analyzing, reconfiguring, and integrating • 'internalizing': an individual learning process in which explicit knowledge is made implicit through learning by doing a particular task, creating routines, and enlarging operational efficiencies Although all four learning processes are present during software development and relevant to it, we focus on the explicit learning processes in this chapter: externalizing and combining. Given this decision, this chapter continues with an exploration of learning theory. First, individual learning will be considered, followed by group learning.
Individual learning
In individual learning, the knowledge of a single person enhances. Experiential Learning theory [21] defines an explicit learning process as a process in which experiences are transformed into knowledge through model building and model testing.
Furthermore, it divides experiences into concrete experiences: observations like seeing, feeling or hearing, and abstract conceptualizations: theories and models about observations and their relationships. The process of transformations is divided into reflective observations: analyzing observations and developing new models and theories, and active experiments: testing models and theories in practice. According to Experiential Learning theory, neither the experience nor the process of transforming it alone is a sufficient condition to achieve learning.
Following the different classes of experience and transformation, four particular modes of learning are distinguished. These modes are:
• 'divergent learning', during which observations are analyzed;
• 'assimilative learning', during which models are built;
• 'convergent learning', during which models are tested in practice;
• 'accommodative learning', during which experiments are observed. According to Kolb, the combination of these four modes of learning results in the highest level of learning [21] . This combination requires that the learning process includes the observation of phenomena, analyzing them, developing models and theories about them and testing these theories and models in practice. The understanding of processes requires understanding of details as well as of the overall process. All activities involved in learning take place with respect to an existing frame of reference [33] : people start with a certain amount of knowledge and experience. It is often argued that learning requires relating new knowledge to existing knowledge [20] . Therefore, it is important to make explicit the knowledge people already possess explicit, before introducing new knowledge. This way, links can be created between new and existing knowledge so people can interpret the unfamiliar using the familiar.
Active Experimentation

Group learning
Software is developed within teams, projects, departments and companies; it always concerns groups of people. The development processes and improvement objectives are shared. Not only should individual learning take place but organizational learning as well. In such a situation the knowledge gained is shared among colleagues and contributes to synergy in the organization [23] . A learning process, therefore, demands 'group learning'.
The term group learning indicates that over a period of time a set of people, share the same learning goals and learning processes. In such a situation, knowledge has to be shared among organizational members and it has to contribute to the synergy of the organization [20] . This is also referred to as 'organizational learning'. Organizational learning is defined as a skilled process in which knowledge is created, acquired, and transferred, and through which behavior is modified based on the new knowledge and insights [16] . It is important to note that organizations cannot learn: the individual people can learn and learn together [36] .
This definition reflects that learning happens when new insights arise. Such new insights alone are, however, insufficient. Without accompanying changes in the work processes, only a potential for improvement exists [16] . Similarly, George Huber states that learning takes place when 'the potential behaviors are changed' [17] . Behavior does not need to be changed for every situation, however, the potential ways in which one can work need to be expanded. So effective learning results in potentially) changed behavior. If behavior remains unchanged, apparently no learning has taken place. Argyris and Schön identify two modes of learning [5] :
• Single loop learning. This is learning in which the actor only learns within the confines of the theory he/she already uses. There is a focus on the operational level: learning is based on detecting and correcting errors, competencies and routines.
• Double loop learning. Double loop learning starts when an event is diagnosed as incompatible with the actors' current theory. With double loop learning this current theory and models are altered and, for example, new strategies enabling more efficient learning are identified.
In practice most organizations only focus on single loop learning [6] . Optimization is only done within the current working method. This is not wrong in itself. Through repetitive experiences, organizations, employees became skilled in their work, and create competitive advantages based on these skills. However, occasionally new approaches become available with which an organization has no experience. In such a case, switching to a new approach might be better. Challenging the existing way of working refers to double loop learning. Many organizations tend to regard double loop learning as a threat because it conflicts with existing and established habits.
It is also dangerous for an organization to constantly adopt new ways of working, because all knowledge gained up to then might immediately become outdated. 'The known can in many situations be preferred over the unknown' [25] . A balance should be found between optimizing current processes (single loop learning) and experimenting with new approaches (double loop learning). Learning theory promotes a parallel application of optimization of current practices and experimentation with new ones. The skills and capabilities required for learning in an organization are [28] :
• 'aspiration': the capacity of individuals, teams, and eventually larger organizations to focus on what they consider important, and to improve because they want to, not just because they need to; • 'reflection and conversation': the capacity to reflect on patterns of behavior and assumptions deeply hidden in a person's behavior, both individually and collectively;
• 'conceptualization': the capacity to see larger systems and forces at play and to construct public, testable ways of expressing these views.
According to Senge, three categories of learning skills exist [28] . Firstly, there is the motivation to learn and improve. This includes having time for learning, learning objectives, interest in learning, etc. Management commitment to learning tasks is also one of the aspects that falls under aspiration. Secondly, there is the willingness to discuss the underlying assumptions. This is what Argyris and Schön call 'double loop learning'. Finally, there is conceptualization, which corresponds to model building and testing of the experiential learning theory [21] . These three conditions to establish learning need to be addressed in software development.
Learning theory states that a learning method should include making explicit the goals for learning [16] . Defining these goals is often difficult, however, in a business environment it makes sense to base them on business goals. These goals will be different for different organizations. Differences are for example: the market in which an organization operates, the type of product it makes the organization of the development teams, or the country in which the products will be used. Learning practices should be directed to the goals of the organization [16] .
The last aspect of organizational learning relevant to this review is based on a phenomenon called 'creative tension' [28] . This is the difference between current reality and a desired future. The gap between the current reality and the desired future should not be too great, because the objectives become too abstract and it is not clear which concrete actions will lead towards improvement. On the other hand, the gap between current reality and the desired future should not be too small either, because this will result in no action at all, since the need for action seems unnecessary. This creative tension principle shows that to set reachable objectives should be set for learning.
Learning model of student-teacher interaction
The above ideas about for integrating learning objectives with industrial software projects have been validated in several case studies [32] . In seven software projects in two industrial organizations we integrated explicit learning goals and learning processes with the day-to-day software projects, targets and deadlines. During these industrial case studies we learned that during quality improvement and measurement programs the main benefit was gained in so-called 'feedback sessions'. In a feedback session, a software development team looks at their own performance as expressed by a set of collected data: defect measurements, process maturity measurements, product quality measurements, etc. During these feedback sessions, the developers interpret their measurements, draw conclusions and define actions. Although the literature confirms the importance of this feedback process, no models are available to support the interpretation process. In our research we tried to find an explanation of positive and negative experiences with feedback, and to find guidelines to further improve feedback sessions. Learning theory already identified the main advantage of a feedback session: improved understanding by the project team, or in other words: learning. Therefore our research focussed developing a model for feedback sessions based on learning theory.
An important element of learning is the student-teacher interaction. In this section we describe the Entwistle model of student-teacher interaction to introduce the elements this involves [15] . This model is shown in Figure 2 . The Entwistle model of influencing factors describes two loops. One loop reflects learning of a student; the other one the teaching of a teacher. Both loops have a short-term and a long-term impact. A teacher has specific personal characteristics, and defines the learning tasks. The student (who also has specific personal characteristics) has a perception of these learning tasks, and learns in one or more learning style. Both student and teacher influence the outcome of the learning process. 
Student Characteristics
The characteristics of the student play an important role in his/her perception of the task to be performed. Several different aspects can be discerned. First, there is prior knowledge. All activities involved in learning are accomplished against an existing frame of reference [37] : people already have a lot of knowledge and experience, gathered throughout their lives. It is often argued that learning requires relating new knowledge to existing knowledge [15] . Therefore, it is important to make existing knowledge explicit, before introducing new knowledge. In this way, links can be created between new and existing knowledge, allowing students to learn the unfamiliar by using the familiar. The degree to which the previous knowledge can be applied to new problems is determined by someone's intellectual skill [11] .
Motivation is defined as the psychological drive for executing a task. 'Adults want to learn and learn effectively when they have a strong inner motivation. Intrinsic motivation is a key factor in effective learning' [34] . 'Intrinsic motivation is defined as performing a task for no other reason than the positive feeling or satisfaction inherent in task participation and completion ... Extrinsic motivation occurs when some reward or punishment is used which lies outside the task itself' [15] . 'Most theorists believe that intrinsic motivation is undoubtedly the most powerful means towards learning and development ...' [3] .
Interest can be described as the degree to which new knowledge is perceived as being useful in pursuit of a goal. In this perspective, interest will be especially high when no plans are available in the pursuit of particular goals. Otherwise, when plans are available, two motivational drives can be discerned: hope of success and fear of failure. 'Subjects motivated by hope of success show an 'approach tendency' (they want to perform the task), while subjects motivated by fear of failure show an 'avoidance tendency' (they do not want to perform the task)'. The perception of a task is the result of the conflict between these two motivational drives. Anxiety occurs when fear of failure is the dominant drive.
Factors influencing the conflict between hope of success and fear of failure are the subjective probability of success or failure at that task and the incentive value of success or the negative incentive value of failure. Hope of success results when the forecast of the adopted plan is positive; fear of failure when the forecast is negative and no alternative plan is available. In other words, expectations play a major role in learning. It is argued that the effort an individual spends on an activity is related to the expectations of the outcome [3] .
In a learning task, the preferred learning style is also relevant. Although students' strategies will vary to some extent from task to task, Pask argues that these are influenced by their underlying, and relatively stable, learning styles [15] .
Teacher Characteristics
The teacher has a significant influence on many aspects of the student-teacher interaction. These are primarily influenced by his or her personality characteristics. When a teacher follows the rule that new knowledge should be related to previous knowledge, the expectation about students' prior knowledge and ability will primarily influence the choice of course contents and assessment. Expectations about level of outcome play an important role too. 'Formal teachers see their role in education in terms of narrow view of education, in which examination results and vocational training are dominant. Informal teachers stress pupils' enjoyment of school and opportunities for self-expression' [15] . Informal teachers can extend the level of participation of the students in the learning task to a degree in which even task contents and method are determined through dialogue. However, 'facilitators who attempt to encourage collaborative modes of learning in which a genuine effort is made to prompt learners to take control of their learning, run the real risk of being perceived either as unwilling to undertake their pedagogic responsibilities in a professional manner or as refusing to inform learners of the real rules of the game' [12] .
In adult education, it is argued that 'adults resist learning when they are told they must learn something' [34] . Therefore, teachers should regard themselves as facilitators of learning, as 'resources for learning, rather then didactic instructors who have all the answers' [12] . Therefore, in adult education, there is a plea for informal teachers. Characteristics of 'ideal' teachers in this sense are [12] :
• 'They are warm, loving, accepting of the learners.'
• 'They have a high regard for learners' self-planning competencies and do not wish to trespass on these.' • 'They view themselves as participating in a dialogue between equals with learners.' • 'They are open to change and new experiences and seek to learn from their helping activities.'
In other words, they should possess both enthusiasm and empathy for both the task and the students. Like students who have a preferred learning style, teachers have a preferred teaching style. Matching students learning styles with corresponding learning environments seems an easy and practical way to improve the learning process [21] . This is only possible when the education is individual or when the group is homogeneous where the preferred learning style is concerned learning style. Therefore, somehow the teacher's approach to teaching must take into account of the variety of styles of learning among the learners, not just their own preference [15] .
Learning task
The learning task is that what has to be learnt. Task content and assessment are part of the learning task, as is the way knowledge is presented. Various theorists have considered the effect of various forms of organizing and presenting knowledge [15] . Skinner's ideas were based on stimulus-response training and propagate to learning in series of small steps and to reinforce each correct response immediately by indicating its correctness. Others argued that these principles, based on conditioning, were only applicable to the simplest forms of learning (such as stimulus-response training). They considered learning not as establishing links between small units of knowledge, but rather as relating new ideas to previous knowledge.
Ausubel puts great emphasis on meaningful learning: 'potentially meaningful learning tasks are, by definition, relatable and anchorable to relevant established ideas in cognitive structure ...' [15] . In his view, knowledge is acquired through the interaction between incoming information and existing ideas. Important issues in meaningful learning are the presence of relevant anchoring ideas, the extent to which ideas are discriminated from related concepts (these can be similar or different but confusing) and the stability and clarity of anchoring ideas.
Pask describes learning as a conversation between two representations of knowledge. Learning takes place through a dialogue between the two and understanding implies the ability to apply the knowledge to an unfamiliar situation. 'Learning need not ... involve an interaction between the cognitive structure of two people. The student may converse silently with himself in trying to understand a topic, or he may interact with a formal description of the knowledge structure and supplementary learning materials' [15] . He argues that, 'thorough understanding normally involves both description building and operation building -a use of the overall picture and a careful examination of details' [15] .
Perception of a task
Students have a certain perception of a task, which results from their personal characteristics and the characteristics of the task. This perception is expected to have an important impact on task execution. The perception is the student's framework for the actual execution of that task. The elements that make up this frame will be discussed subsequently.
In education, a task is perceived, among others, in terms of its requirements. These requirements are concerned with required previous knowledge and skills, on which the task proceeds. To support the integration between new material and previous knowledge, the central question is, 'is there sufficient will or interest in the individual to continue to learn what is expected of him or her?' [3] . To achieve this level of will, noticeable is that, 'adults value information which is meaningful and useful to them; information related to their expectations and previous experience and that they seek to learn what can be applied; they are generally problem-oriented learners' [34] . The degree of relevance of new information to needs and interests can be expressed by the perceived importance of the task. The basis of the perceived importance is the relative importance of the goal for which the student expects the learning task to offer a new strategy.
Perceived difficulty is also important to determine whether a learning task is executed or not. 'Success in accomplishing, a task with a higher difficulty level is more satisfying than success on an easier task ... The following is also assumed: failure at an easier task is more shameful than failure at a difficult task ... Where hope for success is the dominant motive, moderate risks provide the greatest satisfaction ... Where fear of failure is stronger, situations will be preferred in which failure is either almost impossible, or inevitable' [34] . When the expectation of failure is high, there is the risk of the student perceiving a feeling of threat from the learning task to be accomplished.
Approach/Style
A learning approach is the strategy applied in the learning task. This approach is related to the achievement orientation, which, in its turn, is associated with the motivational drives. Three motivations are discerned:
• Intrinsic (interest in what is being learned);
• Extrinsic (need for qualifications or fear of failure);
• Achievement (need for success).
Intrinsic motivation implies that the new material has personal relevance and can be related to existing knowledge. Extrinsic motivations limit the activities to those necessary. Achievement-motivated students organize their work to meet deadlines and 'play the game' (to win).
The learning approach is also dependent upon the learning style of the student. A learning style is, 'the general tendency to adopt a particular (learning) strategy. Approaches to learning are closely linked to levels of understanding' [15] . The approaches to learning can be divided in four categories [15] :
• deep active: learning by integrating details and meaning; • deep passive: learning by summarizing the meaning of details; • surface active: learning by listing details; • surface passive: learning by memorizing details.
The way a learning process is carried out has a strong relation to the aspects approach and style. A 5 th approach that can be discerned is a strategic one, in which an approach is adopted from which high achievement is expected.
Level of outcome
The level of outcome is a particular degree of understanding. The perception of the outcome is important to this extent that if the actor can attribute an outcome to an internal cause (such as ability or effort) than the outcome valence is greater than when it is attributed to an external cause (such as task difficulty, time or energy required for a task, support or hindrance).
Short-term and long-term influences can be discerned. Short-term influences modify the perception of the task. 'A likely outcome may be recognized by the student early enough to modify his perceptions of the task and hence his learning strategy' [15] . Resulting from this modified approach, the level of outcome may also be influenced. Success-oriented subjects show an increase in performance if they receive feedback about their previous performance, while performance of failure-oriented subjects does not differ in conditions with and without feedback. The positive influences of performance feedback are regarded as resulting from three factors: it indicates the correct solution to a task, it facilitates ability assessment and self-evaluation and it gives information about the causes of success and failure.
The long-term influences may modify the student's characteristics. Here we consider that these long-term influences are the learning effect: previous knowledge is extended and skills are developed. Another influence is motivation. Knowledge of the results of the task has a positive influence on motivation. However, too much success for the selfconfident and too much failure for the anxious are both likely to diminish motivation [15] .
Conceptual model of enabling factors
Based on the above theory we developed a conceptual model that contains the most prominent enabling factors for learning in software development. This chapter does not leave sufficient space to clarify the complete construction process of this conceptual model, which is mainly based on the learning enablers described in [16] , [24] , [26] and [28] . For details on this construction process we refer to [32] . Figure 3 : Conceptual model of enabling factors for learning [32] In Figure 3 , a conceptual model is depicted. In the center the three main and interacting stakeholders are positioned: software developers, management, and the learning support team (Goal/Question/Metric team or GQM team [30] ). Several learning enablers influence the learning process of these three groups of people. The learning processes use and change both implicit and explicit knowledge. For more information on the interaction between these stakeholders and the influences on their learning processes we refer to [30] . The learning enablers will subsequently be described, together with what the enabler means within the context of software development.
Enabler 1: Climate of openness
A climate of openness addresses the establishment of an environment in which free flow of information, open communication, sharing problems and lessons learned, and open debate of ways to solve problems, is common practice. Such a climate or 'learning culture' may seem a simple concept, however, is difficult to establish in practice. Research has indicated that current structures for control and management in organizations tend to disable such climates of openness and in that way decrease the commitment of their employees [1] [35] . Especially the intrinsic motivation of people is crucial for establishing a creative and learning-oriented environment. Practical actions that managers can take to increase the intrinsic motivation of people are grouped in six categories [1] :
• 'Challenge': match the right people with the right job assignments in such a way that employees do not feel bored, but are not overwhelmed or threatened by a loss of control either.
• 'Freedom': give people autonomy concerning the processes they use. The management needs to set the goals, preferably as clear as possible, but the decision in which way these goals are to be achieved should be left to the people themselves.
• 'Resources': carefully allocate time and money. Time pressure can increase motivation unless deadlines are for real and not too tight. Money should be assigned properly to prevent that people have to try to find extra money themselves instead of doing their work.
• 'Work-group features': carefully design teams that are diverse, excited about the goal, willing to support teammates through difficult periods, and where each member contributes a unique significant amount of knowledge.
• 'Supervisory encouragement': praise creative initiatives of employees. Appraisals are not considered effective when they are given in extrinsic rewards such as financial bonuses. Freely and generously recognizing creative work by employees already encourages largely. Managers should not be skeptical towards new and rigorous ideas.
• 'Organizational support': establish sufficient organizational support for the people in the organization. This organizational support should enable learning efforts and support learning processes. Furthermore, the value of learning should be emphasized by the procedures and systems in the organization.
A climate of openness appears to be one of the most crucial prerequisites for organizational learning. It requires a context in which people are willing to learn from their mistakes and willing to discuss underlying causes and models for these mistakes.
Enabler 2: Scanning for knowledge
In the broadest sense scanning for knowledge means that there should be a continuous search for knowledge that could be relevant or applicable in the specific learning situation. Scanning for knowledge from previous products, competitor products, similar products, or new methods is an important input for the requirements phase of a software project. The main point is that this loop does not always build software product requirements every time from scratch, but attempts to learn from previous experiences. Furthermore, knowledge can be acquired from previous projects that created similar products. Carrying out a post-mortem analysis to find out whether a certain process model was adequate is a good way to increase learning effects. Double-loop learning also requires scanning for knowledge. Reading publications on achievements in software engineering by software developers is a way to scan for knowledge. Experiences from other organizations are in that way fed into the own organization. Sending people to conferences, seminars and training is another approach.
Enabler 3: Information on context and current state of the system
Learning adds knowledge to an existing situation and is influenced by the state of external influences. Information is needed on the context and current state to learn appropriately, and to select the best-suited additions. The retrieval of information on the context and the current state of the product and the project are essential. Making processes explicit, measuring the performance of processes, or the current state of the product and its quality is a useful source of information for this learning enabler.
For example, carrying out frequent software process assessments is a good way to make current processes explicit. Knowing explicitly what the capabilities of an organization are and making explicit which process actions they can use contributes to this learning enabler. If for example, process assessments indicate that configuration management is a weakness in the organization, managers of projects that have high product maintainability targets will know that they need to take some specific action.
Enabler 4: Team learning
Team learning is an important part of an organizational learning process. It means that learning is established within groups that work together towards a shared vision and mutual objectives. Joint formulation of learning objectives, information sharing, discussion, and drawing conclusions together take place within team learning.
Team learning can be used to find out a good way in which product requirements need to be specified to let the final product comply with them. It is also important that development teams learn the effects of different development processes. A specific process may not always have the same effect for different projects, different products, or different team members. These differences and their causes should be determined. Measurement is a powerful mechanism to enable such group learning. Discussing measurement results within a project team and challenging a team's interpretations is also a means to establish team learning [30] .
Enabler 5: Modeling of the system under control
In order to control a system, one needs to create a model of this system and the factors that influence it. This can be done through process modeling, and by modeling the relationship between the product requirements and this process. Another example of useful modeling is the modeling of user groups and their mutual relationships to support the identification of all stakeholders [22] .
A real-life example is the explicit models of development processes or models of the expected impact of a certain process action. In one of the companies for example, they introduced 'incremental development', by which the product was developed in three sequential increments, each expanding on the previous one with a specific functionality. The expectations of this change were modeled by making them explicit. The measurements showed that these expectations were indeed legitimate.
Enabler 6: Possibilities for control
In order to steer a process towards the required outcomes one needs possibilities for control. This implies that during a software project, (corrective) action can be taken whenever necessary. For example, when it becomes likely that it will not be possible to reach the intended product reliability level, it should be possible to take action to remedy that situation. In a double-loop fashion, the available set of process actions can be expanded with new ones that suit the specific organization.
Enabler 7: Involved leadership
Managers should articulate vision, take part in the implementation of ideas, and be actively involved in the learning processes. The role of a manager in the establishment of organizational learning and in motivating the people in the organization is crucial [28] [16] [1] . In a learning organization managers and the role of the manager has changed drastically compared to traditional management styles. The largest differences are that [28] : the manager is a designer of the learning organization, a teacher of the view on reality, and a steward for the people he/she manages.
Practical implementation of such a different management style is not easy, because both the manager and the people that are managed might be used to a different style. If a manager who always defines the procedures that are to be used suddenly gives the employees an entire free hand in choosing these procedures it is likely that people will not be able to cope. Such a change in management style should therefore be planned carefully and a smooth transition should be made. In creative intellectual work such management styles are, however, often already present.
Enabler 8: Explicit goal definition
In order to have clear targets regarding learning, particular goals should be defined and made explicit. Learning processes benefit if it is clear what the goals are and in which area learning is required to attain such goals. Both product and process goals should be stated explicitly. For the process, measurement goals are set to monitor the performance of specific process actions, and the measurements are analyzed explicitly to learn the effects of such a process action. For double-loop learning, explicit learning goals are defined to learn effects of process actions with which no experience exists. The expectations (hypotheses) regarding the attainability of these learning goals must be specified, because then expectations can be compared to actual values, and reasons for differences can be identified.
An example of the use of explicit goals for learning is the identification of re-use effects in one of the case-study organizations [30] . The project team defined as its explicit goal to measure the effects of software re-use on product reliability. Their expectation was that this contribution was high. The measurements indeed showed that the number of defects in fully re-used modules was remarkably low. An important learning point from this project was the indirect effect of re-use on system reliability. The project team learned that they were more strictly reviewing and testing re-used modules, because they did not 'trust' them as much as the one they had developed themselves. As a consequence these modules were much more reliable, because the existing reliability problems were already identified before release. The project team learned that both direct and indirect effects of re-use largely influence product reliability, and learned what these affects are.
Enabler 9: Monitoring performance gap
Monitoring the differences between target and actual situations is an important prerequisite for learning. It helps to identify what is going well and what needs improvement. Through this performance monitoring, people get feedback on the way they work and learn what to improve. Monitoring a possible performance gap is not only done for the product, but also for the development process. The performance of process actions should be monitored, and if differences exist between the expected and real effects of process actions, corrective action can be taken. For example, one of the casestudy companies had a structural organizational problem. Due to the large number of countries being supplied and the large differences in government regulations across the countries, it was difficult to address all country-specific requirements. This caused many 'change requests' to the national representatives in the various countries after products had been released. The performance gaps between wanted and actual product quality could be made explicit for this organization, and corrective action was defined. One example solution was to develop the country-specific requirements in close co-operation with the national representatives and use these requirements as input to the product architecture design. As a result a product architecture was designed that allowed the adding of product-specific software customizations after release of the product.
Conclusions and recommendations
As stated earlier in this chapter, the importance and impact of human factors on the success of software development is commonly accepted. Establishing an eager and learning-orientated environment is, therefore, essential. However, the learning theory described in this chapter illustrates that facilitating learning is a difficult and delicate process. A conceptual model including nine 'learning enablers' has been presented in this chapter to facilitate learning in software development programs. This conceptual model is based on learning theory and based on experiences in various case studies. A first validation of this model has taken place [32] .
This chapter has explicitly listed nine practical points of attention for software managers. By making the learning factors explicit, this chapter hopefully contributes to improving the learning conditions in software organizations. We recommend that software development line managers and project managers consider these learning enablers in daily practice so they can increase the learning effectiveness of their developers, however difficult this may be. After all, it is the people that make the product.
